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ICON Central Office - Madhapur — Hyderabad
JEE-ADVANCED-2026-P1-Model
Time:3Hr’s IMPORTANT INSTRUCTIONS Max Marks: 180
MATHEMATICS:
. . +Ve - Ve No.of Total
Section Question Type Marks niiNicS Os marks
: Questions with Single Correct
Sec—-I(Q.N:1-4) Choice +3 -1 4 12
, Questions with Multiple Correct
Sec - QN :5-8) Choice with partial mark 9 k 4 16
, Questions with NUMERICAL VALUE
Sec—l(Q.N:9-12) Type +4 0 4 16
Sec - IV(Q.N: 13 -16) Matching Type +4 -1 4 16
Total 16 60
PHYSICS:
. . +Ve - Ve No.of Total
Section Question Type el Marks Qs marks
, Questions with Single Correct
Sec - I(Q.N: 17 - 20) Shaice +3 -1 4 12
; Questions with Multiple Correct
Sec - QN : 21 - 24) Choice with partial mark +4 -1 4 16
Sec — llI(Q.N: 25 -28) | Questions with NUMERICAL VALUE Type +4 0 4 16
Sec — IV(Q.N: 29 — 32) Matching Type +4 -1 4 16
Total 16 60
CHEMISTRY:
. : +Ve - Ve No.of Total
Section Question Type Marks Marks Qs M ks
i Questions with Single Correct
Sec - I(Q.N : 33 - 36) Choice +3 -1 4 12
: Questions with Multiple Correct )
Sec— QN : 37 - 40) Choice with partial mark i 1 B 16
Sec — lI(Q.N : 41 - 44) | Questions with NUMERICAL VALUE Type +4 0 4 16
Sec — IV(Q.N : 45 - 48) Matching Type +4 -1 4 16
Total 16 60
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MATHEMATICS Max Marks: 60

SECTION -1
(SINGLE CORRECT ANSWER TYPE)

This section contains FOUR (04) questions.
e Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct answer.
o For each question, choose the option corresponding to the correct answer.
o Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +3 If ONLY the correct option is chosen;
Zero Marks ~ : 0 If none of the options is chosen (i.e. the question is unanswered);
Negative Marks : —1 In all other cases

1. Consider the function f :(0,00)— (—o0,00) given by

f (x)=+/xloge (x)—x+1
Then which one of the following statements is TRUE?

A) The derivative of the function f is decreasing in the interval (0, 1)
B) The function f has a local maximum at some point a € (0,00)

C) The f has a local minimum at some point b G(O,oo)
D) The function f has NEITHER a point of local maximum NOR a point of local
minimum in the interval (0,c0)

Ans. D

Sol. f(x)=+XxInx-x+1

Ne

f'(x)=ilnx+——1

2\& X

Inx+2—2\/§
2x

H(x) = In+2 - 2Jx

f1(x)=

o1 2 1 1.l
H(X)=————F—=="—-—"F+—="—"—
x 2Jx x Jx X
x<1 I x=1 maxima
x>1 D X(1)=0 f'(x)<0
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2. Let P be the point on the parabola y = x2 such that the slope of the tangent to the parabola

at the point P is 4. Let Q be the point in the first quadrant lying on the circle X% + y2 =2
such that the slope of the tangent to the circle at the point Q is —1. Let R be the point in

the first quadrant lying on the ellipse X% + 4y2 =8 such that the slope of the tangent to the

ellipse at the point R is —%. Then the radius of the circle passing through the points P,Q

and R is
A) V10 B) V5 C)\/g D) 245
Ans. C
Sol. x2:y
P(t ) '=t=t=4=p(2,4 =
LEZJ y'=t=t=4=p(2,4), Y—7

Q(v2c0s6,4/25in6) = tanH=1=Q(1,1)
P(2v/2 cos¢,v/2sin ¢) = cot ¢ =1= R(2,1)

} (2,4)
(1,1) (2,1)
10 5
f[=———— = |—
2 4
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3. Which one of the following matrices can be obtained by performing elementary row
transformations on the 3x 3 identity matrix?

111 1 1 1 1 11 1 1 1
All 11 B)|2 3 4 C)l2 3 4 D) |-1
111 1 21 2 5 8 0
Ans. B
Sol. If Ais a matrix and B be the matrix obtained by some row transformations, then |A|=|B|
A) det=0 B) det=0 C) det=0 D) det=0

4. Considering only the principal values of the inverse trigonometric functions, the value of

cot_l(cot(—ll))+1Osin[2cos_1[i]]+1Osin(2tan_1(2)) is

2

A) 31 +7 B) 7 C)4n+17 D) 3r—5
Ans. C

Sol. —cot lcot(11)+10sin [g} +10sin (Ztan_l(z))

=10+7z—11+37z+10[ij =7+ 4z
1+4

SECTION -1l
(ONE OR MORE CORRECT ANSWER TYPE)

This section contains FOUR (04) questions.
e Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four option(s) is(are) correct answer(s).
o For each question, choose the option(s) corresponding to (all) the correct answer(s).
o Answer to each question will be evaluated according to the following marking scheme:
Full Marks :+4 ONLY if (all) the correct option(s) is(are) chosen;
Partial Marks: +3 If all the four options are correct but ONLY three options are chosen;
Partial Marks: +2 If three or more options are correct but ONLY two options are chosen, both of which are correct;
Partial Marks: +1 If two or more options are correct but ONLY two options are chosen, and it is a correct option;
Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : =2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answers, then

choosing ONLY (A), (B) and (D) will get +4 marks; choosing ONLY (A) and (B) will get +2 marks; choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get +2 marks; choosing ONLY (A) will get +1 mark; choosing ONLY (B) will get +1 mark; choosing ONLY (D) will get +1 mark; choosing no option (i.e.
the question is unanswered) will get 0 marks; and choosing any other combination of options will get -2 marks..

5. Suppose that Box I contains 6 red balls and 9 green balls, and Box Il contains 8 red balls

and 12 green balls. All the balls of Box | and Box Il are mixed together and a ball is

chosen at random from them. Let E; be the event that the ball chosen belonged to Box |
and let E, be the event that the ball chosen belonged to Box Il. Let F; be event that the
ball chosen is red and let F, be the event that the ball chosen is green.

Then which of the following statements is (are) TRUE?
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A) The events E; and F; are independent
B) The events E, and F, are dependent
C) The conditional probability P(Fll El) Is equal to the conditional probability
P(FL/Ep)
D) The conditional probability P(Fll El) Is greater than the conditional probability
P(F2/Ep)
Ans. AC
Sol. B-1—56R 9G
B-1l -8R 12G
E; = Box | E; = Box I

Fi = Redball F, = Green ball

After mixing:

15C; 3
(B3¢, 77

20 4
PE) =7

14 2
PR)=%5
e 3
P(F)=35=3

A) P(ElmFl)z%
P(E)P(F) =~

e

2
><_
o ol5)

7

B) P(Ey N Fy)=2 = P(E,)P(Fy)=2x>=12
35 2 5
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P E
o p|R|_P(RNE)_ P(F)=2
E P(E) 5
ofE|_P(RNE)_8_8  _20_2
E, P(E;) 35 20 3 &
pypl|=2  plR2|_pF,)=3
Eq)] 5 E, 5

6. Let P be the plane such that it contains the straight line it = y;3 W 2 and is

perpendicular to the plane x4 2y +3z =4. Let P, be the plane which passes through the

point (4, 2, 2) and is parallel to P.

Then which of the following statements is (are) TRUE?

A) The equation of the plane P is 7x—5y+z=-10

B) The distance between the planes P and P, is 30

C) The distance of the plane P from the origin is 2+/3

D) The acute angle between the plane P and the plane 2x+2y+z=3 is cos_l[%]
Ans. AD
Sol. P=/{(x—1)+M(y—3)+n(z+2)=0

20+3m+n=0

(+2m+3n=0

_E_M W

7 Rl

Tx—5y+z+10=0 Sl ! |
Equation of the plane parallel to plane P and passing through (4, 2, 2) is

X—=5y+z+A=0

=|7/Xx—5y+z-10=0
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7.

Sol.

ANS.

The R denote that the set of all real numbers. Let f :R — R be an arbitrary function
and let g : R — R be the function defined by

g(x)=xf (x), forall xe R

Then which of the following statements is (are) TRUE?

A) The function g is always continuous at x=0

B) If f is continuous at x=0, then g is differentiable at x=0

C) If g is differentiable at x=0, then f is continuous at x=0

D) If g is differentiable at x=0, then lim f(x) exists
Xx—0

BD

><
N

o O

(A)if f(x)=

O X |k
>
Il

Not always correct
(B) g(x):i f(x)

Continuous and Differentiableand 0 at x =0

So, algebra of differentiability ¢ (x) is differentiable.
(C) If g(x) is differentiable at x=0.

. g(x)=0{0)
0)=I
= 0'0) XTO X—0
S (D)) | :
= “moT: I|m0 f (x) =exist finitely. But it need not be equal to f (0).
X— X—

So continuity is not must.

(D) Correct explained in C option.
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8. Consider the matrix

1 0]

Let p,q,r,s,a,b,c and d be integers such that
26

and ) "M f =
k=1

Then which of the following statements is (are) TRUE?

a b
c d

P q
rs

M 26 _

i i ! 11
A) There exists a 2x 2 invertible matrix N with real entries such that MN = N [0 J

B) The value of a is 378

C) For any two given integers m and n, there exist unique integers x and y such that
pPX4+ gy =m and rx+sy=n

D) For each positive real number t, the system of linear equations

(a+t)x+by=1

cx+(d+t)y=—

has a unique solution
Ans. ACD

LN
g 0

¥

¥ Gy SSTERE
12 Lol 2
k+1 —k 27 —26
Mk =< M 26
k 1-k 26 —25
p=27,=-26,r=26,5=-25
%6 . lab 27 27
Y MP = =13
K1 c d 27 =25
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(A) Let N =[a b}
c d

1 1
MN:N[ } Lla=d [b—d=d
0 1

For invariable ad —bc = —a? possible.
(B) a=351
(C) 27x—26y=M
26X — 25y =N = 26 x(27x—26y) = 26M

27(26x — 25y) = 27TM

(27><25—(26)2)y: 26M — 27N

((26)2 . (26)2)y — 26M = 27N

y=27M — 26M

Similarly for x. So P correct.

(D) For infinite solution
ah RSB wl
e\ Whht T —¢
att=—c b=-d-t
at+c=—t b+d=-t
a+c=b-+d| Not possible, system has unique solution.

SECTION-III
(NUMERICAL VALUE)

This section contains FOUR (04) questions.

o The answer to each question is a NUMERICAL VALUE.

o For each question, enter the correct integer corresponding to the answer using the mouse and the onscreen virtual numeric keypad in the place
designated to enter the answer.

o Answer to each question will be evaluated according to the following marking scheme
Full Marks : +4 If ONLY the correct integer is entered; Zero Marks :/0 In all other cases.

9. Let S={123,.....,10}. Consider the set
X ={R:R is an equivalent relation on the set S such that R has exactly 42 elements}.
Then the number of elements in X is

Ans. 2520
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Sol.  The number of ways to partition a set of 10 elements into sizes of

o
(1)5, 4, 1in I§Ii1_1260

o (X)) =
2)6.2,1, 1in 0 s =1260 ~.n(X)=2520

10. Consider the function f :[—%,E]—%—oo,oo) defined by

f (x):(|x|+|x—]4)sinx+[xsin X],
where [xsin x] Is the greatest integer less than or equal to xsinx.

T
——,—

Let o be the total number of points in the interval [ 2] at which f is NOT

continuous, and let 5 be the total number of points in the interval [—%g] at which f is

NOT differentiable.
Then the value oo+ 3 of is \

Ans. 5

(1—2x)sinx +[xsinx],x <0
Sol. f(x):(|x|+|x—]4)sinx+[xsinx] = sinx+[xsinx,0< x<1]
(2x —1)sinx +[xsinx],x >1

Let g(x)=xsinx=-g(x) is an even function and g(x)>0v¥x>0 and x<0 and
L:E<X§—a
2

g(0)=0 lg(X)|=|0 —a<x<a,a€

o,ﬁ]
2

].,a§X<z
2

. f(x) is discontinuous at 2 points and f (x) is not differentiable at x =1 but, it is

continuous at x =1. . f(x) is not differentiable at 3 points.

sa=2,=3=a+ (=5

Page | 12

& Sri Chaitanya Infinityy

Educational Institutions | LeQrn

HISTORY CREATED 300/300 IN JEE MAIN
4™ YEAR IN A ROW

CONSISTENCY ISN'T LUCK. IT'S CULTURE.




@Sri Chaitanya IIT Academy 17-05-2026 _JEE-Advanced-2026-P1-QP & Sol’s

11. The number of ways to distribute 10 identical red pens and 14 identical blue pens among
four persons such that each person gets 6 pens, is

Ans. 206

Sol. Let xq,Xy,X3,X4 are 4 persons.
CX F Xo + X3+ Xg =24 and x; =Xy = X3 = X4 =6.
Req. Number of ways is equal to total number of solutions of x; + x, 4+ x3 + x4 =10 and
X1, X2, %3, X4 €{0,1,2,3,....6}

17} 17’
= Coefficient of x0in|=—>— —19|——*
1—x 1—x
=0 Rleele = 286 — 80 = 206
12. Let
a=|1—2cos = 1—2cos 3—7T 1-—2cos 9_77] 1—2cos[27—7TJ 1—2005[%] .
11 11 1 11 11
Then the value of 5—042 IS
Ans. 4
—cos[?’e]
Sol. 1-2cosf=1— 2[2cos2 [Q] —1] =3- 4c032[g] — —92
2 2 COS—
2
3 971 27T 8lr 2437
CoS|—— cos| —| cos|——| cos|l—| cos|———
o 22 {, 22 > 22 9 22 ” 22
" i 3 Or 277 81r
CoS|— cos|—| cos|—| cos|l—— coS
22 22 22 22 22
[24371']
coS ’
- =—1 5_a’=4
T
CoS| —
%)
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SECTION — IV
(MATCHING TYPE)

This section contains FOUR (04) Matching List Sets.

Each set has ONE Multiple Choice Question.

Each set has TWO lists: List-1 and List-11.

List-1 has Four entries (P), (Q), (R) and (S) and List-11 has Five entries (1), (2), (3), (4) and (5).

FOUR options are given in each Multiple Choice Question based on List-1 and List-11 and ONLY ONE of these four options satisfies the
condition asked in the Multiple Choice Question.

o Answer to each question will be evaluated according to the following marking scheme:

Full Marks:+4 ONLY if the option corresponding to the correct combination is chosen;

Zero Marks: 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks: =1 In all other cases

13.  Match each entry in List-1 to the correct entry in List—Il and choose the correct option.
List-I List-II

(P) If « and ( are the distinct roots of the 1) X2+ X+1=0

Equation x2 +x+1=0, then the
Quadratic equation with roots

1 : 1 :
—)2026 G —— e 1

(a+1 (8+1)%
(Q) If « and 3 are the distinct roots of the (2 X2 —X+1=0

Equation x% +x+1=0, then the
quadratic equation with roots

1 q i .

(a+1 (8+1)%

(R) If v and 6 are the distinct roots of the (3) X2 +x—1=0

2

equation x“ —x+1=0, then the value

1 1

of 2026 © 5026 1S
=l (6-1)

(S) If p and r are the distinct roots of the 4)-1

equation x2 + x—1=0, then the value

1 1 .
of 3+ 5 is
(p+1)° (r+1)
(5) -4
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A) (P)— (1), (Q)—(2), (R)—(5). (S)— (4
B) (P)—(3), (Q)— (1), (R)—(4), (5)— (5)
C)(P)— 1), Q—2), R)—(4), (S5)—(5)
D) (P)— (2), (Q)— (3), (R)— (5), () — (4)

Ans. C
Sol. «,( are distinct roots of X2 +X+1=0
=a,0= w,wz
If a=w,0= A
1 1 1
2026 2026 2 Y
(@+1) (—wz) e
1 . 1 A
(ﬁ+1>2026 (_w2)2026 W
The equation whose roots of (« +1)_2026 (8 +1)_2026 is X2 +x+1=0
2 1 1 -1 2
If a=w,=w’ = = =—=—w" and
i +1)2027 (_w2)2027 5
A\ |\ I
(3 +1)2024 (_w>2027 B
The equation whose roots are (o +1) 2% (8 +1)"2%%" is x>~ x+1=0 7,5 are
distinct roots of x2 —x4+1=0=> Yo — —w,—wz
_ T 1 | 1 ~ 1 1 2
Ify=-wb=-w"= 112026 22026_“’anOI 512026 (2026 “
-2 (0" (o)
Th tion wh t L L is x? 1=0 and
e equation whose roots are 5056 5056 1S X“ +x+1=0an
(v=)7 (6-1)
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1 1
(7 _179% + (51795

-1

If p,r are distinct roots of X2 +x—1=0
Sop+r=—1pr=-1
p+l=-rr+l=—p

4

1 A

Tt (e

_—(p3+r3) _—(p+r)((p+r)2—3pr)
(pr)? (pr)?

14.
List—I

(P) The number of elements in the set

(Q) The number of elements in the set

(R) The number of elements in the set

(S) The number of elements in the set

A) (P)—(2), Q)= (3), (R)—(3). (S)— (4)

B) (P)— (5), (Q)— (3), (R)— (2), (S) — (4)

C) (P)— (), (Q)— (4), R)— (1), (5)— (3)

D) (P)— (4), (Q)— (3), (R)— (2), (S)— (5)
Ans. B

Match each entry in List-I to the correct entry in List-Il and choose the correct option.

List-11
(1) is {x c [—7r,7r]:sin6+ cos” x :1}

m™ T

(2) is {xe

:sin® x + cos® x :1}
(3) is{x & [=m,]:cos? [g]_sinz x:%}

(4)isixe|-2m, 27 -6sin? & —c0s3x=3
2, 2n]:6sin?| >

(5) is 5
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4

Sol. (P) sin® x 4+ cos? x =1
:>sin6x:l—cos“x:sinzx(lJrcos2 x)
—=sin°x=0 (or) sin®x =2 —sin?x
sin2x=0 (or) sinx=1 :x:o,w,—w,%,_—;(-,- xe[—w,w])
(Q) cos® x +sin? x =1= cos® x = cos? x
coszx:O(or) cos? x =1 :>X::|:£,X:0‘,'X€ _—77,1
2 28 %
y 2COSZ[X]—1
(R) cos?| = | —sin®x == = —sin®x
2 2 2

2x+cosx—2:0

141416 171
4 4
.. The number of values of x satisfying above equations, when x € [—7r,7r] is 2.

= COSX = 2(1—cos2 x) = 2C0S

= COSX =

(S) 6sin? [g] —C€0s3X=3 = c0s3x+3cosx=0

= 4c0s°x =0 = cosXx=0=x= igi?’%( X € [—2m,2n])
15.  For real numbers «,3,7v,6 and w, consider the matrix

_ ; i

a __ [EES—

V2. 2
1 1

M ===X .
Va U
Yy o6

Suppose that MM =1 , Where MT is the transpose of the matrix M , and | is the 3x3
identity matrix. Let

- i~ (N o - o a3 ~ - 1~ 1~ 2
u:ozl—l—ﬁj—l—’yk, v:—2|+ﬁj+6k and w:——2|+—3j+uk
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Match each entry in List—I to the correct entry in List—Il and choose the correct option.

List-I List-I1
(P) The value of 7% +6 is (1) 0
Q) If XU -+ y\7—|— ZW = ] for some real 21

numbers X,y and z, then the value

of x is

— — — . 1
(R) The value of ‘w(vxw)‘ IS (3) _2
(S) The value of ‘G X (Vx Vv)‘ IS (4) i
J3

5

5 —_

®) 5

A) (P)—(5), (Q)—(4). (R)—(2). (5)— (1)
B) (P)— (4), (Q)— (). R)— (1), (5)— (2
C)(P)— (), Q- R)— ()., (5)— (1)
D) (P)— (5), (Q)— (4), (R)— (1), ()= (2)

Ans. A
T 4]-1]
a PESE S '
N2 2
1 1 T > 1 1
Sol. M=+« —land MM"' =l =a“"+=-+==1=a=0,

BP 23

o 2
1, 2.1 2 ol % 1] p
~+8°+=-=1=08"==, y"+6" +u" =1,
2 B 2 B 37 %
Q I} 1 1

+—=——F==0and a=0=3=—
NN KN

o6
oy+t—=———==0=6=
Y > \/E 2

Page | 18
@& Sri Chaitanya | Infinity)
L= Educational Institutions | Learn

HISTORY CREATED 300/300 IN JEE MAIN
4™ YEAR IN A ROW

CONSISTENCY ISN'T LUCK. IT'S CULTURE.




QSri Chaitanya IIT Academy

17-05-2026 _JEE-Advanced-2026-P1-QP & Sol’s

0 o

V3 V3

=v+6+pu=0=>v=-2pu

+ 65+

.'.4u2+u2+u2:1 =1
2 2 2 5

(P) v* 46" =5pu =5

(Q) If XU+ yV+zW= |

=0=y=1z

Ny -
V2 2
= X+Y+2z=+/3 and yX+8y+uz=0

= -2X+Yy+z2=0=>x=

&
0 % -2/
Rty = x|
%7 A1
Z 3 -
S [ I o ]—2u[i+i]
BlV2 V2 NG
kR

=0

LN AR
INCIRNCINC

o~

1
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16. Match each entry in List-1 to the correct entry in List-Il and choose the correct option.
List-I List-I1
(P) The circle with centre (1, 2) and (1) the point (1, 1)
touching the straight line 3x +4y =1,
passes through

(Q) The common tangent to the circle (2) the point (7, 9)

X% + y2 =2 and the parabola y2 =8X
with positive slope, passes through
(R) Let M be the end point of the latus (3) the point (3, 2)

rectum of the ellipse 3x° +4y? = 48
such that M lies in the first quadrant.
Then the normal to the ellipse drawn at M
Passes through
(S) Let H be the hyperbola whose centre (4) the point (2, 5)
Is at the origin, one of the foci is at (5, 0),
and one directrix is 5x+16=0. Then H

passes through
(5) the point (8,3\/5)

A) (P)—=(3), (Q)— (4), (R)— (1), (S)— (2)

B) (P)—(3). (Q) — (2), (R)— (1), (§)— (5)

C) (P)— (3), (Q)—(2), (R)—(4), (S)— (5)

D) (P)— (4), (Q)— (1), (R)—(2), (S)— (3)
Ans. B

sol. (P) (x—1)2+(y—2)*=r?

3+8-1
5
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r=2

2
Q) y:Mx+ﬁ

(r—12+(y—2)°=4

2
= MxX—y+—=0
y M

12:16(1—e2)
1-e2-3
4

62:

1
4

1
e==
2
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L[4><£,E]
2 4

L(2,3)= Equation of normal at L to the ellipse is 2x —y =1.

2 2
) X1
16 vy

N

ae=5 X=% a® =16
_a_ 16 a_16 |a=4
ae=5 e=z
o3
16
=16><g: b2 =9
16
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PHYSICS Max Marks: 60
SECTION -1
(SINGLE CORRECT ANSWER TYPE)

This section contains FOUR (04) questions.
e Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct answer.
o For each question, choose the option corresponding to the correct answer.
o Answer to each question will be evaluated according to the following marking scheme:
Full Marks : +3 If ONLY the correct option is chosen;
Zero Marks ~ : 0 If none of the options is chosen (i.e. the question is unanswered);
Negative Marks : —1 In all other cases

17.  Consider a large disk of radius R and two smaller disks, each of radius r =R /50, lying
on its circumference, as shown in the figure. The smaller disks are initially in contact
with each other, with an angular separation A6 between their centers. They are made to
roll without slipping in opposite directions, with constant angular velocities o and 2w
while the large disk is held stationary. The time t at which the smaller disks are again in

contact is:

[Use sin(AQ)= A6 and ignore gravity.]

A) 7 =51x 27[—i | w B) 7 =51x 27[—3 /3w
51 51
4 2
C) t=51x| 2r —— |/ 3w D) 7 =51x|27n—— |/ @
51 51
ANS : C
SOL
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Two small disks rolling on a large fixed disk
Geometry

Each small disk has radius r =R /50, so the centres lie on a circle of radius

R+r=51R/50. For the small disks to be tangent, the chord between centres equals 2r :
2(R+r)sin(A0/2)=2r = AO= 2 :3.
R+r 51

Angular speed of each centre about the big disk

For external rolling without slipping on a fixed surface, v = rw, so the angular speed of

ro )

each centreis Q= — =—
R+r R+r 51

: ccal W L) 2

The two centres move in opposite directions, hence Qg =D g :3—0).
51 51 51

Angle swept by the relative coordinate

Starting tangent (gap+A®), the disks separate. They are tangent again only when the gap
reaches (27z —AH), I.e. A@ on the other side. Therefore the relative coordinate sweeps

A(p:(27r—AH)—A0=27T—2A0:27T—%.

Common error: writing 27 — A8 only excludes the initial gap; that would correspond to
the two centres coinciding, which is geometrically impossible. Both starting and final

tangent positions must be excluded.

Time
__Ap 2n—4/s51 5Y2m %))
Qe 30/51 30 '

_4
Answer: (C) 7 = 51(27[ Al)
3w
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18.

ANS :
SOL :

Consider a circuit consisting of a capacitor of capacitance C and a coil with N turns per

unit length, cross sectional area S and length d, where d? >>S. There is another coil of
length d / 2,cross sectional area S /2 and 2N turns per unit length completely inside the

larger coil, as shown in the figure. The ends of this smaller coil are connected with each
other by an insulated conducting wire. The self-inductance of the larger coil is L.

Neglecting edge effects and all the Ohmic resistances, the resonant frequency of the

circuit is:
2 ——
d
A) -2 5 A DN
J15LC 3LC 3LC
C

LC circuit coupled to a shorted inner solenoid

Self-inductances

Large coil: L=,uON28d.Inner coil with 2N turns/length, area S /2, length d / 2:
Ly = 1p(2N)? (S /2)(d 1 2) = ugN?Sd = L.

Mutual inductance

Inside the large coil, B = ugNIy. The inner coil has Nd total turns linking flux through

area S/2:
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L
2 =(Nd)(ugNIp)(S/2) %ﬂo Sd = >

Effective inductance with the inner coil shorted

With V, =0, the coupled equations give I, =—(M /L;)ly,so

2 2
M*< |. (L/2)~ 3L
Vi=s|L-—— |1 = =L- =,
1 [ T ] 1= Left L 4
Resonant frequency
1 1 2

Dy = =] = o
" JLwC VBLC/4 J3LC

2
Answer: (C) o, = ——
(C) oy =

19.  Asolid cylinder of radius R rolls without slipping with a center of mass speed vy =, /%

on a horizontal surface with a vertical edge, as shown in the figure. Here, g is the

acceleration due to the gravity. At the moment when the cylinder loses contact with the

surface due to rotation around the corner, the speed of its center of mass is:

Vo
A) 0 g) |29R o) | R Dy [29R
7 15 7
ANS : B
SOL :
Cylinder rolling off a vertical edge
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Moment of inertia about the corner

lq =1 +mR% = 1/ mR? + mR? = 3/ mR2.
O~ fcm 2 2

Initial KE about the corner

At the instant the contact point reaches the corner, angular momentum about the corner is

conserved during the transition, giving o'=Vp / R. With vg =gR/3,

R
KEq =%(%mR2)(VO IR)? =3 mvg =MIR /"
Energy conservation through angle ¢ from vertical
2 mgR 2 g
%mv +mgRCcosg = g% +mgR =V =v§ + %gR(l— C0SQ).
Loss of contact: N =0
Radial equation: mgcose — N —mv2 /R. Setting N =0

ViR gRcos .

Combining with the energy equation,

gRcosg = g%+%gR(l—COSq)):> CoSp = V

Hence

2 5gR [5gR
Vv :gR-%: g%:v: g%
Answer: (B) v=./5gR /7
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20. A double convex lens made of glass of refractive index 1.5 and radii of curvature of the
curved surfaces 20 cm each is immersed in a liquid of refractive index n; . The correct
plot showing the variation of the power, in the units of diopter (D) as a function of ni is:
Power (D)
5 =
0 T T T T T T T > 1
1.0 15 2.0
A) 5 -
Power (D)
»
5 -
U 1 1 1 1
1.0
B) *°
Power (D)
1
40 -
(0] T T T T T T T T —> N
1.0 1.5 2
C) -40 -
Power (D)
1
40
0 T T T T T T T T T T > nl‘
1.0 1.5 2.0
D) -40
ANS : A (AS PER NCERT) OR B
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SOL :
Power of a double-convex lens immersed in liquid
NCERT SOLUTION

Q4: P(n ) =15/n; — 10 — hyperbolic, not linear

(1.0, 5)

Power (D)

1.0 12 1.4 16 1.8 2.0
ne

Lensmaker’s formula

With Ry =+0.20m and R, =—0.20m so that 1/ R —1/R, =10m ™%,

n
P(n.) :(—g—qi—i) =10(£—1] -5 g0
n Rl Ry n L

Sample values

e N =1.0=P=+5D
e n_=1.5=P=0 (lens optically vanishes)
e N =20=>P=-25D

e N =0=P=-10D (horizontal asymptote)
The curve is a decreasing hyperbola, not a straight line.
Answer: (A) Hyperbolic decay through (1,5),(1.5,0),(2,-2.5)
CORRECT SOLUTION
1. Power in a Medium:
The power of a lens immersed in a liquid medium of refractive index ni is defined as:

n
p_n_L_nL(_g_l](i_i]
f n Rl R2
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2. Substituting the Parameters:

Given ng =1.5,R; =+0.2m, and Ry =-0.2m :

1_1 :i—(—ijzlom—l
RR Ry) 02 | 02

= :(ng _nL)x10:10(1-5—nL)

3. Key Data Points:
¢ Atn_=10:P=10(1.5-1.0)=+5D
e Atn_=15:P=10(15-15)=0D
e Atn_=20:P=10(1.5-2.0)=-5D
Since P is a linear function of n; with a negative slope, the graph is a straight line

matching plot (A).
Correct Option: (A)

SECTION -1l
(ONE OR MORE CORRECT ANSWER TYPE)

This section contains FOUR (04) questions.

e Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four option(s) is(are) correct answer(s).
o For each question, choose the option(s) corresponding to (all) the correct answer(s).

o Answer to each question will be evaluated according to the following marking scheme:

Full Marks :+4 ONLY if (all) the correct option(s) is(are) chosen;

Partial Marks: +3 If all the four options are correct but ONLY three options are chosen;

Partial Marks: +2 If three or more options are correct but ONLY two options are chosen, both of which are correct;

Partial Marks: +1 If two or more options are correct but ONLY two options are chosen, and it is a correct option;

Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : -2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answers, then

choosing ONLY (A), (B) and (D) will get +4 marks; choosing ONLY (A) and (B) will get +2 marks; choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get +2 marks; choosing ONLY (A) will get +1 mark; choosing ONLY (B) will get +1 mark; choosing ONLY (D) will get +1 mark; choosing no option (i.e.
the question is unanswered) will get 0 marks; and choosing any other combination of options will get -2 marks.

21.  Consider a hydrogen atom with v, 1. and K, denoting the velocity, orbital radius and

kinetic energy of the electron in the AL orbit, respectively. The electron undergoes a

transition from the n" orbit, emitting radiation corresponding to the Lyman series.

Considering h to be the Planck’s constant and €pthe permittivity of the free space, the

correct statement(s) is/are:
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ANS :
SOL :

: . h
A) Magnitude of change in kinetic energy of electron can be expressed as ym L
T

h 1

B) Magnitude of change in de Broglie wavelength of the electron can be expressed as

e’ |1 1]
4eg|K, K1

2
C) Frequency of the radiation emitted can be expressed as © NS \
8reghln 1,

h Ty

D) Magnitude of change in total energy of the electron can be expressed as 21
T

v m‘
AC

Lyman-series transition in hydrogen
Bohr relations

kh
kark :Z: ka :ﬂ.

kh v
Ky :%mvE :%vk(mvk):ai.

2

For a Coulomb orbit, K = and Ep =-Ky.

871'60rk
(A) Change in kinetic energy

h v_l_nvn|

|AK|:K1—Kn:47[ W]

(B) Change in de Broglie wavelength

From ni, =2zn.and 1, =e? /(822 Ky),

_2mr _ e ) e2|1 1|

=Ty T akqK T 4 |nKy K|
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Option (B) drops the factor 1/ n inside the modulus. FALSE.

(C) Frequency of emitted radiation

2
hf =B, — By =Ky —Ky=——| 1]
8reg\ Iy

(D) Total-energy change

|AE|=|AK | carries the prefactorh/(4z), but option (D) uses h/(2z)— wrong by a
factor of 2. FALSE.
Answer: (A) and (C)

22. A particle is thrown with a speed v from a point O at an angle @ with the horizontal

plane such that it passes through the point P at a height of 1m and horizontal distance of

5 m from O, as shown in the figure. If acceleration due to gravity is g ms_z,then the

correct statement(s) is/are:

(4

0,/ "\ i

P PR

A) If =45° then v= #ms_l.

B) If 8 =45°, the particle reaches its maximum height before it reaches P.

C) If 8 =30°, the particle reaches its maximum height before it reaches P.
D) If 6= tan_l(%j, then v=125\/§ms_1.

ANS :AB
SOL :
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Projectile passing through P(5m,1m)

Q6: Té[ajectory for 8 =45°; max height reached at x=3.125 m, before P

é max (3.12, 1.56)
>

Trajectory equation

ox°

2v2 cos2 9'
At (x,y)=(51):

25¢g
2v2 0032 0'

y=xtané —

1=5tan@ —

(A) 6=45°
Substituting,

1:5_25_9 =3 v2=25—g —= v=ﬂ.

v2 4 2
(B) Max-height position for 6 =45°

7 2
vTsingcosd V" 25 o0 s
g P B

Particle reaches its peak before P.

Xmax =

(C) 6 =30": max height after P ?

Solving (%) with tan30° =1/ /3 gives v ~8.83g. Then

2. o
v<sin60
Xay = —— >~ ~3.82m<5m.
29
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23.

Max height occurs before P. FALSE.
(D) 6 =tan"(1/5)

The launch direction is exactly along the line OP. Gravity drops the projectile below this

line, so it cannot reach P for any finite v. Explicitly, (*)becomes 1=1-13g V2,

demanding v — o, FALSE.

Answer: (A) and (B)

A quasi-static cycle of a monoatomic ideal gas contains an isothermal process (ab),
followed by an isochoric process (bc) and an adiabatic process (ca) as shown in the
figure. The volumes of the gas are Vj and V, at a and b, respectively. If the cycle has

heat input Q;and output Qyt,then the efficiency of the cycle is defined as

Q

n= Qin = Qout e correct statement(s) is/are:
in

[Given: In2=0.7]

Pll-

Vv, v, V
A) If V5 1V} =8, the heat released in the process bc is smaller than the heat absorbed in
the process ab.

B) For a given value of V5 /V;,n does not depend on the temperature of the isothermal
process.

C) If V, /) =8, then the temperature of the gas at a is 4 times the temperature of the gas
at c.

D) If V, /4 =8,then the pressure of the gas at a is 4 times the pressure of the gas at b.
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ANS : ABC
SOL :

Monoatomic gas cycle: isothermal-isochoric—adiabatic

Q7: Isothermal-isochoric-adiabatic cycle (V2/V1 = 8)
El

= ab (isothermal)
=== hc {isochoric)
= ca (adiabatic)

V] V2
v

Temperature at c(adiabat ca,y =5/3)

2/3
i 3 V.
TV, =TV, T =T L
cY2 1 c V2
(C) Vy /V; =8
TC=T-8_2/3=%:>Ta=4TC.

(A) Heat comparison
Qg =NRT IN8=3nRT In2~2.10nRT,

[Quc|=nCy (T ~T/,)=3MR/3T// ~1.125nRT.

So | Qpc [< Qap-

(B) Efficiency depends only on V, /V;
(3/2)(1-04 /v2)?")

U FT LYy &

no temperature appears.

(D) Pressure ratio

Isothermal a >b:PV; =R\V,, so Py /R, =V, /V; =8, not 4. FALSE.

Answer: (A), (B) and (C)
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24,

ANS :
SOL :

The electric field associated with an electromagnetic wave travelling in vacuum is given
by Egsin(3y +4z+ a)t)f, where o is the angular frequency. All quantities are in Sl
units. The correct statement(s) about this wave is/are:

[Given: speed of light in vacuum c ~3x108 ms_l.]

A) The wave is travelling in —%(3]+4I2) direction.

B) The magnitude of the wave vector is 05m =

C) The value of w is 15x10%rad s L.
D) The magnetic field associated with this wave is given by

Eg . o
—=sin(3y +4 t)(4)—3k|.
; sin(3y + z+a))( J )

AC

EM wave E =Eqsin(3y + 4z + ot)I
Wave vector and direction

Phase k-7 + ot with k =(0,3,4), so ‘E‘:Sm_l. The +at sign makes the wave travel in

~

—k :

N prop= —%(3]+4I€).

(B) M:O.Sm_l?

k|=v8+16=5m". FALSE.

(C) Angular frequency
a):c‘IZ‘:(3><108)(5):1.5><109rad st
(E3) Magnetic field ot/

ExB =1 prop. With E =1
B :%(—4]+3I2), B :%Sin(3y+4z +a)t)%(—4]+3kA).

Option (D) gives (4]—3I2)(wrong sign) and omits the % factor (wrong magnitude).

FALSE.
Answer: (A) and (C)
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SECTION-III
(NUMERICAL VALUE)

This section contains FOUR (04) questions.
e The answer to each question is a NUMERICAL VALUE.

o For each question, enter the correct integer corresponding to the answer using the mouse and the onscreen virtual numeric keypad in the place
designated to enter the answer.

o Answer to each question will be evaluated according to the following marking scheme
Full Marks : +4 If ONLY the correct integer is entered; Zero Marks : O In all other cases..

25.  Atank contains two immiscible liquids of densities 6p and 2p. The higher density
liquid is filled up to a height L /2 from the bottom. A thin rod of density p and length L

is fully immersed and hinged at the bottom so that it can oscillate freely, as shown in the
figure. If the rod is slightly disturbed from its equilibrium, the time period of small

- Zuas : . : .
oscillations is —7[\/: where g is the acceleration due to gravity. The value of n is:
nyg

e

L/2

ANS :1.73
Hinged rod in two stratified liquids

SOL :

Q9: Rod hinged at bottom, in two stratified liquids

zp B, = mgll(al 3L/4)
W =mag (at L2} L
L/2 6p By =3mb (bt L/4)

hinge
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Setup
Rod of mass m= pAL hinged at the bottom; lhjnge = mL? /3. The lower half is in liquid

of density 6p, the upper half in 2p.

Torques about the hinge for small 6

Weight: 7y =(mg)(L/2)sin6 (destabilising)

Lower buoyancy B; =3mg at L/4:7; =(3mg)(L/4)sin@ : (restoring)
Upper buoyancy B, =mg at 3L/4:7y =(mg)(3L/4)sin6 : (restoring)

Tnet = [% + % —%] mgLsin& = mgL 0 (restoring,small6)
Equation of motion and period

2
Ll 6 =-mgLo :>a)2=3—g,
3 L
= L:>n:ﬁ:1.7320... Answer: n = 1,73
V39 V3\g

26.  As shown in the figure, five Carnot engines, each with efficiency n and same number of
cycles per unit time, are operating between six heat reservoirs. The amount of heat
released per cycle by one engine is completely absorbed by the next engine. Consider Qg

to be the amount of heat absorbed per cycle by the first engine and W as the amount of
total work done by all the engines per cycle, then the net efficiency of the system is found

to be et L :E. The value of nis:

Qy 243

ANS :0.33
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SOL :
Five cascaded Carnot engines

Q10: Five Carnot engines in series — heat rejected by one is absorbed by the next

Hot

To e E—
Q"

T I E—
E—=n

T2

Ts

Ta

%zhiﬁzi

Cold
Each engine has efficiency n; rejected heat becomes the next engine’s input. After k

engines, Qy :Qo(l—n)k. Total work

W:QO—QO(l—U)Sjﬂnet:Qﬂ—l L-n )

5
L-n)° = 243 (A) :>1—n=%:>n=%-

Answer: n=0.33

27.  Asshown in the figure, an insulated container is fitted with a thermally conducting but
immovable partition (P;) and a freely movable but thermally insulated piston (P, ). The
partition B with thermal conductivity K,cross sectional area A and width x divides the
container into two sections, S; and So, each containing one mole of a monoatomic gas.
The piston P, moves freely such that the gas in S, is always at the atmospheric pressure.
Initially, the difference between the temperatures of S; and S, is ATg.The time it takes

. ATy . : .
for the temperature difference to become TO IS % where R is the universal gas

211
243’

constant. The value of n is:
[Given: In2=0.7]

>Xe
Pl Pz
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ANS : 0.66
SOL :
Heat conduction between two gas chambers

Q11: Insulated container with conducting partition P; and free piston P>

X
>

51
(1 mol)
cv=2

52
(1 mOS_L) Atm
Cp=7% slconstant P)

P Py

S; is at fixed volume, so C; =Gy =3R /2.5, is at fixed pressure (free piston), so
C, =Cp =5R /2. The conduction current is Q = KA(Ty =T )/ x. Writing AT =T, - T,:

d(AT) _ KA1 1)) :_@(iJrijAT B WA\
dt X 5R

x| C C, 3R 15RX
AT (t) = ATgex AR
15R X
For ATo/2: t=—niqlo "Rl RX _ 45 prset RX
16K A 16 KA

Answer: n=0.66

28. A hollow, right circular cone of base radius R and height h,with its tip at the origin is
rotating about the Z-axis with an angular velocity w, as shown in the figure. The cone
carries a total charge Q uniformly distributed on its curved surface. The magnitude of

2
magnetic field at a point (0,0,z),where z>>R and z>>h, is rllﬂQR?’w.The value of
Tz
n is:
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ANS :0.5

SOL :
Far-field magnetic field of a rotating charged cone
Magnetic dipole moment

For a rotating surface charge, 1 = Af r2 dq.

On the curved surface, dAoc rdr, giving

(rg)zfsrz(rdf): R*/4_R?
J(F:rdr R2/2 2 .

2 2
Henceuz%-Q-RézQR %

2
Far field on the axis (Z >>R) B =0 28 o OR N
4 23 Vi 223

2
Matching with "#0 @R"@

givesn=1/2. Answer: n=0.50.
Ar 43

SECTION - IV
(MATCHING TYPE)

This section contains FOUR (04) Matching List Sets.

Each set has ONE Multiple Choice Question.

Each set has TWO lists: List-1 and List-11.

List-1 has Four entries (P), (Q), (R) and (S) and List-11 has Five entries (1), (2), (3), (4) and (5).

FOUR options are given in each Multiple Choice Question based on List-1 and List-11 and ONLY ONE of these four options satisfies the
condition asked in the Multiple Choice Question.

o Answer to each question will be evaluated according to the following marking scheme:

Full Marks:+4 ONLY if the option corresponding to the correct combination is chosen;

Zero Marks: 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks: =1 In all other cases

29.  List-1 shows four configurations made of straight and semi-circular narrow tubes
containing air. A sound wave of wavelength A =0.29m enters these structures at the point

S and a sound detector is placed at D. Between the points S and D, the sound travels only
through the tubes. List-11 contains the possible smallest values of [ (refer to the figures)
for which the detector D records maximum amplitude. Ignore effects of sharp corners.
[Given cos(15°) = 0.97]
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Choose the option that best describes the match between the entries in List-I to those in

List-11.
List-1 List -11
P) 1) [1.32m
[
Q) = 2) [1.19m
T 0.51 l
Se — s [

R) 3) |0.51m

S) 4) [0.29m

5) |0.13m

A) P—4, Q—3, R—5, S—1
C)P—3,Q—4,R—1,S>2
ANS :D
SOL :

B) P—4, Q—3, R—5, S—1
D) P—3, Q—4, R—5, S—2
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Sound interference through four tube configurations (A = 0.29 m)

Q13: Four sound-tube configurations (A = 0.29 m)

(P) M=(nj2—-1)/ = /=0.51m (Q) A=/ = |=A=029m

(R) MM=mIN2 = [=0.13m (S) using sin105°=c0515°*=0.97 = /=1.19m

105°

/
Constructive interference at D requires the path-length difference between the two routes

to be an integer multiple of A;the smallest positive | | takes one full wavelength of
difference.
(P) Semicircle of diameter | over a straight tube

A= -1 =(7 = )|:>|_ ’;1z0.51m—>(3).

(Q) Rectangle of height 0.5] over a straight tube
M:(O.SI +1 +O.5I)—I == :2:0.29m—>(4).

(R) Vertical leg | +semicircle with chord along the diagonal (length I\/E)

Mz(l +7l \/Ej_l =%z2.22|:>| ~0.13m— (5).
(S) Triangle 45°-105°-30° on base ¢

With sine rule and sin105° =cos15° =0.97:

pr = SM30FSINEST g 2444l = 1 ~1.19m = (2).
sin105°

Answer: (D)P—3, Q—4, R—5, S—2
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30. Inthe List-1, four optical effects are mentioned. The physical phenomena of light which
are essential to describe these optical effects are given in List-1l. Choose the option which
describes the correct match between the entries in List-1 to those in List-11.

List-1 List -11
P) Colorful sky in north polar | 1) | Dispersion and reflection
region (Aurora Borealis)
Q) Partially polarized sun light | 2) | Total internal reflection
R) Rainbow 3) | Diffraction
S) Dark and bright fringes 4) | Scattering of light by molecules in

the atmosphere

5) | Emission of radiation from oxygen
and nitrogen atoms excited by
charged particles

A) P—5, Q—4,R—1, S—3 B) P—4, Q—2, R—1, S—3
C) P—4,Q—1,R—2, S—3 D) P—5, Q—4, R—1, S—2
ANS :A

SOL :
Optical phenomena <« physical mechanism
e (P) Aurora Borealis — emission from atmospheric O and N atoms excited by charged
particles — (5).
e (Q) Partially polarised sunlight — Rayleigh scattering by air molecules (light scattered
at 90° is strongly polarised) — (4).
¢ (R) Rainbow — dispersion of white light in droplets combined with internal reflection

— ().
e (S) Dark and bright fringes — diffraction (from the available list) — (3).
Answer: (A)P -5, Q—>4,R—>1,S—>3

31. List-I contains four conducting loops lying in the XY plane, as shown in the figures. The
loops are rotating about Z axis passing through the point O with time period T in
clockwise direction. The region x > 0 contains a uniform magnetic field B in the +z
direction. List-I1 contains the qualitative variation of the induced current (t) for each of
these loops.
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Choose the option which describes the correct match between the entries in List-I to those
in List-11.

List-I List -11
P) y DN
4 7/2
L 07 +>t
/7 >
g e » X :
Q) ¥ 2) | 4
/ &oo 5 {-_}-1 ................ .|..}E
T/2 T

R) IR 4
i T/2
[} vvvvvvvvvvvvvvvvvvvvvvv = X T
) 4 it
i 0 >l

<o : T,;’Z T
SN

5) | i%

A)P->5Q—>4R—>1,S—>3 B)P—>.3,Q—>2,R—>5,S—>4
COP—->3Q—-»2,R—>1,S—4 DDP—-5Q—1,R—>2,S—3
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ANS

SOL :

32.

:C

Induced current in rotating planar loops
Each loop rotates about z through O with period T (CW seen from+z). B=B?Z only in

X > 0. The induced current is i1 = _%Ciiit) with ® =B A ¢.
(P) Half-disk with diameter on +y

2
Direct integration gives A,.q(0)= Rg(sin 20 +20) for 0 €[0,7 /2], then constant

7R% 18 for O e [ 12,7], with mirror symmetry over the second half-rotation. The signal

Is a positive half-wave followed by a negative half-wave — matches graph (3).
(Q) 60° wedge straddling the y-axis (vertex at O)
Each edge crosses the y -axis at a different instant, so the flux changes in stages, yielding

multiple step transitions — matches graph (2).
(R) 60° wedge entirely in x<0, one edge on+y +y

Clean cycle: transition in (~T /6), fully in x>0(~T /3), transition out (=T /6), fully

in x<O0(~T/3).i(t): + pulse, 0, — pulse, 0 — matches graph (1).

(S) 60° wedge symmetric about the x-axis

By symmetry across the x-axis, equal amounts enter and leave x > 0 at every instant, so
d®/dt=0 and i(t)=0 — matches graph (4).

Answer: (C)P—-3,Q >2,R—>1,S—4

List-1 shows four planar structures made of uniform solid rods each of mass m and length
L. In the List-11 the possible moment of inertia of these structures about an axis 0CO’,
which lies in the plane of the structures, are given.
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Choose the option that describes the correct match between the entries in List-I to those

in List-11.
List-I List -11
P) o 1) §m|2
- 4
Q) o' 2) 1.2
6
R) 3) | 1.2
12
L]
5 an’ an B
A
3 ’ 2 gmI2
3
5) 12
3

A)P—>5 Q—1,R—>4,S—2
C)P—>50Q—>3,R—>2S->1

ANS : A
SOL :

B)P—»1,Q—3,R—>4,S—2
D)P—5 Q—>4R—>2,S—1
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Moment of inertia of four planar rod-structures

016: Moment of inertia of four rod-structures about axis OCO’

(P) axis at 45° through ©
=2 kmitsin? 45% = 1o? = (5) 101 axis through top vertex, parallel to base
! J=2-kmi? + m- (lsin 60°) = gmi = (1)

(R} axis along the disgonal (each rod 45° to axis) (5} axis along axis of symmetry through ©
=4 fmi?sin? 457 = {mi? = (4) =2 Lwtsin 302 = Lent? = (2

i
Hd

A
1

Two general results used
e Thinrod of mass m, length I, with one end on the axis, making angle a with the axis (in
the same plane):

I
I =J(ssinoc)2 rT%ds =%m|23in2a.
0

e Thin rod parallel to the axis at perpendicular distance h: | = mh? (its own axial moment
vanishes for an infinitesimally thin rod).
(P) L-shape, axis through C at 45° to both rods

_ 9. 2cin2 g0 _ 9. 2 _ 2
lp =2 %ml sin“45° =2 %ml _%ml —(5).
(Q) Equilateral triangle, axis through top vertex C parallel to base

Each slant rod (CA,CB) makes 60°with the axis; base AB is parallel to the axis at
perpendicular distance h =1sin60° = 1312

lo=2- mlzsin260°+m|\/é 2=2- ml2+ 3/ ml2 =5 mi? - (1).
Q=% 73 2 4 4 4 (1)

(R) Square as a diamond, axis along the diagonal
Each of the four sides has one end on the axis and makes 45°with it:

1 2 in2 e _ 2
g =4 %ml sin©45 _Aml —(4).
(S) Two rods at 30° to the symmetry axis through C

lg :2-%mlzsin230° :%ml2 —(2).
Answer: (AP—-5 Q—>1,R—>4,S—>2
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CHEMISTRY Max Marks: 60

SECTION -1
(SINGLE CORRECT ANSWER TYPE)

This section contains FOUR (04) questions.
e Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct answer.
o For each question, choose the option corresponding to the correct answer.
o Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +3 If ONLY the correct option is chosen;
Zero Marks ~ : 0 If none of the options is chosen (i.e. the question is unanswered);
Negative Marks : —1 In all other cases

33. Anideal gas (0.5 mol), initially at 2 bar pressure, is compressed at a constant temperature
of 600 K in two steps: first, against a constant external pressure of P bar (2 <P< 8), and

then against constant external pressure of 8 bar. At each step, the compression is stopped
only when the pressure of the gas becomes equal to the external pressure. The total
work done on the gas in these steps is W. Considering all possible values of

P(2 <P <8), and taking the gas constant as R(in.] K1 mol_l),the minimum value of

|W| (in J) is
A) 207 R B) 600 R C)630 R D) 900 R
Ans: B
Sol: Using the ideal gas equation, PV =nRT,
N

T 8
Viar

P

We get PV =0.5R x 600 = 300R Il :¥
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W|= P[lSOR ‘%} +8[¥—37.5R}

2400R 16

—300R :>|W|:150R[P+F—4}

= |W|=150RP —300R +

For minimum |W/|,P =4 &|W|=600R
34. For areversible reaction R = P, at constant temperature, both the forward and the
backward reactions are first order elementary reactions with rate constants ks and

ky, respectively. At time zero, the concentration of R is [R]0 and the concentration

of P is zero. At any given time, [R] and [P] are the concentrations of R and P,

respectively. If ky =4ks, the correct graphical representation of the reaction is

1~ 1
1 T P|/[R
% 0.8 g 08 [P)/[R],
o 3
§ 061 £ 06 4
5 go
= g
g 041 £ 04 1
= o /
S 02 E P T RVRL _ _ _ ___
0 0
A) 0 time =—» B) 0 time —>»
! |
I N [RV[R] +
S 084 Semm—mmmao —————— s \
= 20841
= = \ [RVIR],
S 0.6 506 \
g 04 g N [PY[R],
s £ 04 4 Mo
Q [PV[R], 3 -
8 02 § oo .
o QY- - o -
0 _ 0 -
C) 0 LIMC =— D) 0 time —»
Ans: C
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Sol: Let [P]eand [R]e be equilibrium concentrations of P and R

R — P
(ini) [R],
(eal) [R]o N [P]e [P]e
S S Ll S L N R a8
% 4 [Rl—[PL [Rl, 5 BN

35.  The correct order of dipole moments for the given species is

A) BR; = NH; < NF; < NH3 B) BF3 < NHj < NF3 < NH3
C) NHZ < BF; < NH3 < NH3 D) BF; < NHz < NH3 < NFy
Ans: A

Sol:

Resultant dipole vector of N —H bonds is reinforced by

z 4>

— §+'% iS_SJr dipole vector of lone-pair.
H +H
X7 1'{’ S
‘A“ Resultant dipole vector of N —F bonds is opposed by
@ dipole
30+
s Ny T
thelt 74 | Sp3—  vector of lone-pair.
P f; oF:

= Resultant dipole moments of BF; and NHZspecies are zero as same bond moments

are symmetrically distributed around central atom in both species.
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36. Considering LiBH, reduces an ester group to the corresponding alcohol and does not
reduce a carboxylic acid group, the correct statement about the major products P, Q, R

and S is
1. LIBH4 1. BH;
2. H" 2. H*
P - —— Q
EtO,C CO,H
. CHs
1. LiBH, 1. BH4
2. H+ 2. H+
R - - S
I
EtO,C CO,H

A) P & Q are identical, and R & S are diastereomers.

B) P & Q are diastereomers, and R & S are identical.

C) P & Q are diastereomers, and R & S are diastereomers.
D) P & Q are identical, and R & S are identical.

Ans: C
Sol:
1. LiBH 1. BH
— CHj 1
2. H 2. H CH3
3 "'z,,
CO5,Et CO5H
Q
1. LiBH, 1. BH,
2. H 2.\
CO5Et CO5H
R s

P and Q are stereoisomers that are not mirror images and hence are diastereomers.

R and S are achiral but are geometrical isomers.
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SECTION -1l
(ONE OR MORE CORRECT ANSWER TYPE)

This section contains FOUR (04) questions.
e Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four option(s) is(are) correct answer(s).
o For each question, choose the option(s) corresponding to (all) the correct answer(s).
o Answer to each question will be evaluated according to the following marking scheme:
Full Marks :+4 ONLY if (all) the correct option(s) is(are) chosen;
Partial Marks: +3 If all the four options are correct but ONLY three options are chosen;
Partial Marks: +2 If three or more options are correct but ONLY two options are chosen, both of which are correct;
Partial Marks: +1 If two or more options are correct but ONLY two options are chosen, and it is a correct option;
Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : -2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answers, then

choosing ONLY (A), (B) and (D) will get +4 marks; choosing ONLY (A) and (B) will get +2 marks; choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get +2 marks; choosing ONLY (A) will get +1 mark; choosing ONLY (B) will get +1 mark; choosing ONLY (D) will get +1 mark; choosing no option (i.e.
the question is unanswered) will get 0 marks; and choosing any other combination of options will get -2 marks.

37.  The 2s and the 2p orbital energies of hydrogen atom are Eps(H) and Epp (H),

respectively. The 2s and the 2p orbital energies of lithium atom are E,g(Li) and
E2p (Li), respectively. The correct option(s) about the orbital energies is (are):

A) Egs(Li)<Egp(Li) B) Egs(H)=Egp(H)
C) Egp (H) < Eas(Li) D) Eps(H)>Eps(Li)
Ans: ABD

Sol: = Since energy levels of orbitals depends only on n for single electron species like H.
Hence Eys(H) = Ezp(H)

= For multi electronic species like Li; Eog(Li)<Epp(Li)

Due to higher effective nuclear charge; Epg(Li)<Eps(H)
38.  Correct statement(s) about the compounds X, Y and Z is(are)
MnO, + Conc. HCl —— MnCl, + X + H,0

(greenish yellow gas)

NH; + X ——» Y + HCI
(excess)

573 K
X + F2 —_— Z

(excess)
A) X is used for sterilizing drinking water.
B) Y has a planar structure.
C) Z is used in the enrichment of 2%U.

D) Y is a stronger Lewis base than ammonia.
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Ans: AC
Sol: = MnO, +conc.HCl — MnCl; +Cl, (g) + H,0

= NH3 + C|2(g) —> NC|3 + HCI
(excess)

=Clh+ K 273k

(excess)

CIF;

— Negative charge density at lone pair of nitrogen of NHj is higher than that of NCl;
= NClj has trigonal pyramidal structure.
39. Reaction of PtR; with oxygen (02) gas results in the formation of an ionic compound,

X*Y™. Correct statement(s) is(are)
A) The bond order of X is 1.5.

B) Valence d-orbitals of the metal ion in XY~ has 5 electrons.
C) PtFg acts as an oxidant in this reaction.
D) PtFg acts as a fluorinating agent in this reaction.

Ans: BC

a2 V
Sol: = 0, + PtRg — O2[PtRs]
— Bond order of O3 =2.5
= As oxidation state of Pt in O,[PtFg] is +5;hence there are five electrons in 5d

orbitals of Pt ion.
= PtRg exhibits oxidizing character even at room temperature.

— PtFg does not oxidize O, by fluorinating it.
40. In the following reaction sequence, Q, R, S and T are the major products.

O
o]
1. Kolbe's electrolysis
(9] 2. VzOs, 500 DC, O
10-20 atm anhyd. AICI5
Hgo/\)j\ONa Q -

NHzNHz, heat

R

1. PCls

2. H,-Pd/BaSO,
S
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The correct statement(s) about Q, R, Sand T is(are)
A) S on warming with ammoniacal AgNO4 results in the formation of silver mirror.

B) Q on treatment with Cl, (excess)/ Ul gives gammaxane.

C) T is a heterocyclic compound.
D) R on acid catalyzed intramolecular cyclization followed by treatment with
Zn —Hg / HCI gives 9,10-dihydroxyanthracene.

Ans: ABC
Sol:
(0]
/\/\k Kolbe's electrolysis = "\ _-"~_"~ V05 0089 >
ONa > 10 - 20 atm
o Q
COH cocl
_Hp-Pd_
anhyd. AICI, BaSO

Q

R
N
O  CHO Nl/ -
NHNH A O O
T

S has aldehyde group and hence gives silver mirror test.

Cl Cl
© Cl(xs)
—_—
uv
Cl Cl
Q
Cl
0 CO5H 0
ApaaJ0ge
H p—
S HCI
A
9,10-dihydroanthracene
R O
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SECTION-III
(NUMERICAL VALUE)

This section contains FOUR (04) questions.
e The answer to each question is a NUMERICAL VALUE.

o For each question, enter the correct integer corresponding to the answer using the mouse and the onscreen virtual numeric keypad in the place
designated to enter the answer.

o Answer to each question will be evaluated according to the following marking scheme

Full Marks : +4 If ONLY the correct integer is entered; Zero Marks : O In all other cases..

41.  Two cylinders, both fitted with frictionless pistons, are filled with mixtures of He and Ar
gases. In the first cylinder, the masses of He and Ar are m; and m,, respectively. In the

second cylinder, the masses of He and Ar are m, and m, respectively. The molar mass

of Ar is 10 times the molar mass of He. The external pressure applied by the piston on the
first cylinder needs to be 5 times that on the second cylinder so that the volume of the gas
mixtures in both the cylinders are equal at the same temperature. Assuming He and Ar

behave like ideal gases, the value of (mq/my) is
Ans: 9.80

Sol: Atsame V,T:Pocn

Py P»
M e = 1 Mpe =My
mar =1y Mmpy =M

=[NHe +Nar; =5[NHe +Narl,

= [ﬂ +ﬂ} = S[E - ﬂ} (Where M and 10M are molar masses of He and Ar)

M 10M M 10M
M _g80
my

42.  The total number of all possible isomers for the square planar complex with formula
K| M(NCS)(NO,)(gly)]is
(M =metal ionandgly = NHZCHZCOO_)

Ans: 8
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Sol:

6\ — N\ B
- TSeD) ID
OQN-< ....... 02N _____________ A
SCN ----oooeeee SCN ---vemeene- B
- 52D I5D
ONOZ ... ONOT- ..o A
(O NCS =% B
OzN.( ________ QSR ANSNS A
NCS G- A NCS ---c-ooeeee B
= S > )
ONOZ ... B ONOT oo A

Where AB=H,NCH,COO
= All are optically inactive due to having plane of symmetry.

43.  The sum of total number of carbonyl groups (< C= O) present in the major products X

and Y in the following reactions is :

HBC\])J\(CHS heat
X

Y
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Ans: 4
(0]
\HK( _A_

Sol:
CO,H CO.H

o
X
O
CO5H
_A_ o o
CO,H
O
Y
X has 1 C=0 group and Y has 3 C=0 groups.
44.  Treatment of buta-1,3-diyne with NaNH, (2 equivalents), followed by reaction with

excess of trans—CH3; — CH =CH — CH, — Br gives X as the major product. The
maximum number of carbon atoms that are collinear (in a straight line) in X is

Ans: 6
2 NaNH, | & \_\; \_\ /=/
== NEG ———C

SECTION
(MATCHING TYPE)

Sol: =—/—/m——

This section contains FOUR (04) Matching List Sets.

Each set has ONE Multiple Choice Question.

Each set has TWO lists: List-1 and List-11.

List-1 has Four entries (P), (Q), (R) and (S) and List-11 has Five entries (1), (2), (3), (4) and (5).

FOUR options are given in each Multiple Choice Question based on List-1 and List-11 and ONLY ONE of these four options satisfies the
condition asked in the Multiple Choice Question.

o Answer to each question will be evaluated according to the following marking scheme:

Full Marks:+4 ONLY if the option corresponding to the correct combination is chosen;

Zero Marks: 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks: 1 In all other cases

45.  List-1 contains various physical/chemical processes, and List-11 contains combinations of
changes in enthalpy (AH) and entropy (AS). Match each entry in List-1 to the appropriate
entry in List-11, and choose the correct option.

List-1 List-11

(P) | Physisorption (1) |AH>0and AS>0
(Q) | Diamond — Graphite (2) |[AH<0and AS<O0
(R) | Denaturation of protein (3) IAH<0and AS=0
(S) | Propene — Cyclopropane (4 |[AH>0and AS<O0
(5) |AH<0and AS>0

AJP—->2,Q—>3;R—>5S—4 BIP—>4,Q—>3,R—5S—1
COP—->2,Q—>5R—>1;S—4 D)P—-2,Q—>5R—>1;S—3
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Ans: C

Sol: Physisorption: AH <0;AS<0
Diamond — Graphite: AH < 0;AS>0
Denaturation of protein: AH >0;AS>0
Propene — Cyclopropane: AH>0;AS<0

46.  Consider the following species:

SOCl,, XeOF,CIF;, CIFs, XeR! ,S05~, XeFs',SFy
List-1 contains different molecular shapes and List-11 contains total number of species

with the same molecular shapes from the given species. Match each entry in List-1 with

the appropriate entry in List-11 and choose the correct option.

List-1 List-11
(P) | See-saw (1) | One
(Q) | T-Shaped (2) | Two
(R) | Trigonal Planar (3) | Three
(S) | Square Pyramidal (4) | Four
(5) | Zero
A)P->1Q—>2,R—>5S—>3 B)P>5Q—>4R—>2S—->3
C)P->30Q0->2R->1LS—>14 D)P>1Q—>3R—>5S5S—>4
Ans: A
Sol:  See-saw: SF, =1
T-Shaped: CIF;, XeRs =2

Trigonal Planar:  No. of molecular species = 0

Square Pyramidal: XeOF,,CIF;, XeFs =3
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47.  The List-11 contains products obtained from the reaction of compounds in List-1 with

O3/ Zn—-H,0 followed by cyclization (via more stable enolate) in the presence of

agueous NaOH. Match each entry in List-1 with appropriate entry in List-11 and choose

the correct option.

List-I List-11
P CH 1 '
(P) 3 ( ) e 0O
CHs £ c; Hy
CH 2 9]
Q) 3 (2) HaG
; HO .:l
CHs HaC
(R) CHj (3) O
: H,C I||I|I
CH, H,C OH
S CH 4
(S) 3 4) | HiC o
CH, Sk
(5) OH CH3
& CHa
Ans: C
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Sol:
o
CH CH
3 3 o H3C
O NaOH
= —_—
Zn-H,0
o HO
CHs CHs HsC
(P) (2)
CH CH 0
3 > CHs
o
5 NaOH
Zn-H,0
o} OH
CHs CHs CHs
Q
CH 0
3 o HsC
o)
Os @ NaOH
Zn - H,0
OH
o}
CHg CH3 <& 5)
(R)
o)
CH CH
3 3 o H3C
O A\ NaOH
Zn-H,0
O HaC HO
CHs CHs
(S) (3)
48.  Match the major products obtained in the reactions given in List-1 with the corresponding
structures in List-11 and choose the correct option.
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List-1 List-11
(P) GEN\E;I‘H}[&; aqueous NaOH 1) O:N \©:CN
| =
Br OH OH
Q) 1. (CH;CO),0 (2) | O,N CN
! i Br
Br OH
(R) CH, (3) H
N N CH
DzN\@\)&\ﬂTl aqueous NaOH 02 U 7&/ 3
gr OH Br
(S) CH; (4) o CHs
O2N >~ _0O. _CH. @dqueous 2
2 N \I-r 3 N32C03 \Cféfl\l
0 9]
Br
(5) CHs
DzN\©\/JQ~NfOH
Br
Ans: B o e
Sol: T ==X,

o on
o
OQN\@T _encoo X \Erw _ Naco, \©i
n ococH, 2
o B o
@

©
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